Magnetron-sputtered tungsten nitride (WN x ) films deposited on bulk tungsten (W) were used as model system to study the interaction of deuterium (D) plasmas with W walls in nuclear fusion devices during or after N-seeded discharges. D plasma implantation was performed at 300 K with ion energies below 215 eV. WN x composition and thickness was determined by Rutherford backscattering. The deuterium amount in the sample was analyzed by nuclear reaction analysis (NRA). The resolution for D depth profiling was improved compared to standard NRA by consecutive low-energy argon plasma sputtering of the D containing 100-nm-WN x film. It is shown that D is implanted only within the ion penetration range and does not diffuse into deeper layers at 300 K.
Introduction
As an important issue for ITER and DEMO, fuel retention and diffusion in first-wall materials presents a safety (tritium < 700 g in ITER [1] ) and cost concern. Tungsten (W) is presently the plasma-facing material foreseen for the ITER divertor [2] [3] [4] . For fusion devices with a full-W divertor, such as ASDEX Upgrade and JET, impurity seeding is necessary for radiative power dissipation. Recent experiments in both ASDEX Upgrade [5] [6] [7] and JET [8, 9] have shown that nitrogen seeding can not only efficiently cool the edge plasma but also improve the overall plasma performance. However, N 2 seeding will add a further plasma species which can lead to surface material sputtering, co-deposition and chemical reactions [10, 11] thus causing a more complicated plasma-surface interaction. Co-deposited tungsten nitride (WN x ) layers were observed in TEXTOR after N 2 -seeded discharges [12] . For a reliable assessment of the hydrogen isotope inventory it is mandatory to achieve a better understanding of fuel retention and diffusion in such co-deposited layers and in N-implanted W and of the possible influence of such layers on fuel retention in the tungsten bulk material. In general, hydrogen retention in W is low [2, 13] but diffusion at elevated temperatures (>400 K) is relatively fast [2] .
In the present work, WN x films sputter-deposited onto bulk W substrates were applied as a model system for re-deposited WN x layers in fusion devices after discharges with N 2 seeding. D retention in these layers was measured after exposure to a low-temperature laboratory D plasma. A Si wafer partially covered by adhesive kapton tape was put in the chamber together with the W samples. After removal of the adhesive tape the thickness of the WN x layer was measured by a tactile profilometer. The deposited WN x film was about 100 nm thick. After deposition, the samples were annealed in vacuum at 600 K for 2 hours to prepare them for experiments at elevated temperature (see [14] ).
Deuterium implantation and argon sputtering were performed in the low-pressure steady-state ECR plasma chamber 'PlaQ' described in [17] . D plasma exposure was performed with a constant sample temperature of 300 K for 167 min.
The sample temperature was controlled using an ethanol cooling circuit and a thermocouple integrated in the substrate holder just underneath the sample. The surface temperature of the samples was monitored using an infrared camera as described in [17] . The high energy protons were counted using a thick, large angle solid state detector at a scattering angle of 135° equipped with a curved slit reducing the solid angle to 29.9 msr. The emitted alpha particles are detected with a surface barrier detector at the laboratory scattering angle of 102 equipped with a rectangular slit reducing the solid angle to 9.16 msr. Only one 3 He ion energy, namely 500 keV, is used to determine the near surface D amount in the present measurements. For the 500 keV 3 He + projectiles the generated  particles have an energy of about 3100 keV while the protons have a much higher energy of about 13.5 MeV. Based on this, we calculated the information depth, i.e., the maximum depth from which a generated particle still can leave the sample and reach the detector, for each type of reaction products applying SIMNRA [18] using Ziegler/Biersack stopping power data. The NRA information depth in WN x for the chosen experimental conditions is ~150 nm for the alpha particles and ~400 nm for the high energy protons. For the given geometries, the corresponding depth resolutions at the surface are 18 and 110 nm according to RESOLNRA [18] , respectively. The D amount in the sample was quantified using the cross section published by Alimov [19] . However the N concentration can be derived from a simulation of the RBS spectra by SIMNRA [18] . The N concentration is derived as the balance to the W signal in the W-depleted layer assuming N is the only species that dilutes W in this layer. As a result a W concentration in the WN x layer of roughly (502) % is deduced. That means the atomic ratio of W:N in our layers is about 1:1. In the area without Ar sputtering the WN x layer is, of course, the thickest compared with the other areas. The step at about 1200 keV for the unsputtered WN x layer (black solid squares in Fig. 1 ) marks the transition from the WN x layer to the underlying bulk W sample.
With increasing sputtering time this edge shifts to higher backscatter energy indicating the decrease of the thickness of the WN x layer. After 10 min Ar plasma sputtering about 5 % of the WN x layer was sputtered and after the longest sputtering time of 53 min about 27 % were removed.
The amount of sputtered WN x was determined by fitting the RBS spectra with SIMNRA based on the assumption that there was no preferential sputtering. The amount of sputtered WN x is in principle linear with sputtering time. However, the difference between the 23-and 30-min Ar sputtering is much larger than that between any other two adjacent time steps. The reason for this deviation from the linear behavior is unclear. In any case, the following two sputter steps showed the same sputter rates as the first two steps. Although this ambiguity is unsatisfactory it has no influence on the further evaluation of the data. The upper scale is a thickness scale in nanometers calculated using a WN density of 9.110 28 WN-molecules/m 3 . The penetration depths for D 3 + , D 2 + , and D + ions are indicated.
